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0 PHASE REVERSAL IN EMULSIONS

L. Ya. Kremnev and N. 1. Kulbina

The mechanism of phase reversAl in emulsions Is genierally atributed to the necessity for die ~asorainof
a hydrophilic into an oieophilx'r abllizer, or conversely. However, the reversal of o/w type emulsions Into the w/o
type occurs under the influence of univalent cations, which do not affect the surface-active ptoperties of the typical
stabilizers for dir-ect emulsions -the alkali soaps [1).

ok much closer approach may be made to a s 'ution of this problem by a consicJeration of' the results of our
sy'teo'ladc study of direct and reverse etmulsionts of maximum concentration (2). It was found that to determine the
possibjiity of formation of an emulsion of a given type it Is insufficient to have information concerning the hydro-
philic or oleophilic nature of the stabilizer with respect to two immiscible pure liquids (the mocde) case), In general.
the type of the stable emulsien fornd Is determ~ned by the properties of the liquids in contact within It, one of

whi ch may be, for example, an aqueou! salt solution. A stable emulsion Is formed when a continuous adsorptioral-
solvation layez is produced on the outer surface of the droplets, and for this, according to the independent surface
action principle, one of the liquids in the emulsion 3b-"' predominately solvate eithecr the polar or the nonpolar por-
tions of the stabili zer molecules. In the case of two pure Liquids -water and benizene- the molecules of alkali soap
adsorbed on the droplet surfaces Are ensured considerable hydration of the polar groups by water. The thickness of
the solvation layers then predominates on the water side, and o/w type emulsion is stabilized. Electrolytes in suffic-

ietconcentration dehydrate the polar groups of the soap molecules, which leads to predominate solvation of the hydro-
cabnchains of the soap molecules and their Independent surface -ction. in these ccundltions emulsions of the w/o

tyefr taiized.so n difficulties are presente'd by phase reversal in direct and reverse concented emulsions by
setting up in then- some given concentratuonof alkali cations of the :&me nature as the soap cations. The following1 0 experiments were performed for this purpose, By shaking in a cylinder, a stable emulsion of the o/w type, containing
equal volumes of benzene and aqueous sip solutk.,., was obtained. Dry salt was then added to the emulsion. after
which the emulsion was again shaken till the salt dissolved completely. The advantage of using dry electrolyte in-
stead of 2an aqueous solution Is that its action Increases gra~ially And comparatively regularly as solution proceedit.
On the other hand, addition of a concentrated salt solution lead-. to tht- formation of clots of the salted-out Soap,
which are difficult to disperse, and makes reproducible riints difficult to obtain. The type of emulsion was deter-
m7ined mirroscopically by d,-eing with Sudan ILL, and ilsm by dilution of the emulsions by water and benzene.

In a large series of experiments, the following was invariably observed. As the salt concentration increases%
an emulsion of the o/w type becomes increa% ngly untable. ani at a critical concentration of -lectrolyte it is usually
destroyed and &epamates into two layers. Further ticrease of the ttlt content leads to the formation of first anl unstable
And then a fully stable emulsion oif the w/o type. 11he reversed einulsion, in turn, can eaily be converted into the

4 original stable emulsion of the o/w type, If iqueous solution of the stabilizer Is added to it with shaking In these ex-
periments th, . aqsueous solution lowri. the electxolyte concentration below the critical value. which causes phase re-
versal.

Tables 1 and 2 give some results of experiments wtth emrulsions stabilized by aqueous soluilons of sodium oleate.

The phases are revarsed similarly in emulsions with ammonium and ticlthanolamine oleates. Table 3 gives
the crirical values of concentratbins of salts, which precede phase reversal, at which the emulsions are destroyed or
become very unsiable.

These resalt show that the critical concen tration of tialts in phase reversal has a practically constant value
(0.25-0,,3 mnole/1) which does not , pend on the nature of the added eletctrolyte or the properties of the stabilizer.
Tlw samne salt. concentration is maintalined sho at different consents of the stabilizer In si.: -,queous solution. For
examnple. in the concentration range from 0.1 to 0.6 mrole/I for A mw.ous solutions of sodium oicate, the critical
curicentvmnion of NisCI ins our experiments was 0.25-0,28 mole/,I.

On turriirg to data on stallizwition ol cotwentratcd etrstdsloas of the w/o type by alkali soaps (3' we see that
at rthe salt concentrations indicated above, -' 600%1 of the stabiliver is salted out of the aqueous solution, after which.
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TABLE 1 TABLE 2

R-versal of Emulsion Phases by Means of NaCl. Con- Reversal of Emulsion Phases by Means of NagSQ4.

centration of Sodium Oleate -0.3 mnole/I Concentration of Sodium Ofeat4 -0.3 mole/1

Coc-t-E -mulsion Stability of emulsion Concentration Emnilsio6 fiabilit of crmuhicn

in ~ StableI -- ,oleL

t'0 o/w Stbl MI /W
01.17 I O/w Unstable MA5 I / Stale
0.25 f - IDestroyed 0.lP /W 1nstxblfe
0.34 w/o IUnstable I IDe20vc
0.420 W/o Stable 0.28 1 W10 Unstable
0.34* W/o Untable 0.31 W/o Usgl

0.25* - IDestroyed 0i. 35 w ,o am,*1e

0.17* 01w Uns1table 0.280 Vw/o Unstable

0.14* 0/w Stable 0,25: w/o Unirable
_________________0__23 0 i Stryed

*Decrease of salt concentration by supplementay II nsal
0,146 O/wUsal

addition of soap solution. 0I0 1wSal

on further increase of electrolyte concentration. condi- K lcrt'se o f salt concentration by Popplementwily

tions are created for the formation of a reverse em, addition of ioap Ynhtion.

s_ a. At concentrations of electrolyte below the critical,
at which the degree of salting-out of the soap is still Insufficient, direct enulsiuoss are still1 stabfl!7zed. Thus, elec-

trolytes have an effect of the same type on emulsions of any concentration,, When then, detesrmine$ tie emulion

type in our experiments? We base our answer to this question on the fAct that one of the main Mupoies of the

stabilizer is a substantial increase of the cohesion zetween unike liqui:L with the aid of diphilic :rfacecalve

molecules, the polar and nonpolar poritions of which Are simultaneously and independently. sovAted at te Interphave

surface by the disperse phase and the dispersion mediumn of &he einuision. As was showni by out study f direct and AI

reverse emulsions of maximumn concentration (2]1 the degiee of solvation of the polar groups by tile aqueous phaz (in

and of the hydxocarbon chains of the stabilizer mcdecules by the nontaqueous phase, is not the same, corresponding

to different values of 6 crit. for the adsorption-solvation lAyei's OA the droplets. By means of one solyation iayer a0

close interaction between the adsorbed molecules of the stabilizer and the droplets is effezted, and a second sol a-

tion layer on the side of the dispersion mediumn prevents coalescensce of the droplets.

'!AbLE 3 When a toap. for example sodiumi
oleate, it diosolved in water, the latter

Critical Salt Con;.'entratlons in mole/] ins hase Reversai hydrate: the carbcjxyi groups of the soap

....... .molecules. and the kbickness of this por-
ZC , _JL O NCItion of the wh-g)e Votective layer is ~ci

Ammonium oleate, concentration 0.3 mole/I1 0.01 p [4]. 'fhe hydrocarbon chains, solva-

0.24 0.26 0.24- --- ted by benzene, form the second part of the

protective layer, the thickness of wind' !as
0.28 also measured and is V'~ri% 0,0 ui [4).

Triethanolamlnre oleate, concentr~tion 0.3 mlO The ratio y between the thickneise3 of the

0.26 0.3 02 .9 0.24 0.28 adsorption -salvation layers ax the Interphase
surface it the deciding fActot in the -tabiza-

tion of an emulsion a! a given ,pe_ la the

present case, for sodium olearr

1 6 crit

and the disperse phase is benzene, which solvates the lhydrocarbon chains to a smaller extesnt than the polaf gr-oups

are hydrated by water.

By the use of aqueous salt solutions the hydration of the pola groups is sharply decreased. and the adsorption- Af

solvation portion of the protective layer or the water side will hiave a thickness Wf the order of sevexal mnoieculmr 0
dsamete1 ., I.e.. it will not be rApable of stabilizing oil droplets. It is in these conditions thiat the thickisest of the

adsorption- solvatiofl part of the protective lavea an the beniene sd* predominate, and a water-tn-oll etmulion is

formed, -cause
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6 crit

Thus, the emulsion type Is determined by the, ratio of the thicknesses of the adsorption-solvatron layers on the
two side s of the separation boundary between unlike lquids, ard this iatio can geme as a quantitative measuir of the
olvation of the stbillzer.

TABLE 4

Val e of y and Types of Emulsion

Olaes Liquids Critical Ia 'r thickness
1cate 2 iLEmulsion type

Sodiun Water Benzene 0.01 0.006 >1 O/w
Salt solutions Benzene "0 0.006 <1 W/o

Ar-,crhimtr Water Benzene 0,007 0.003 >1 o/w
Salt solutions Benzene "0 0.003-0.005 <1 w/o

Triet~ iminej I Water Benzene 0,01 0.002 >1 oiw
Salt solutions Benzene -0 0.002-0.012 <1 w/o

Te aboirf my be formulated as follows: the dispersion medium of An emulsion is the one which, out of two

imm)i -ible ptre liquids or solutions, forms the thicker advrptlon-solvation continuous coating at the droplet sur-
faces tither with the polar or with the nonpolar portions of the molecules (particles) of A.. s:abihzer. This is suppor-

zed by ou txprimenal data on the stabilization of direct and reverie emulsions [23, a Is &hown in Table 4.

SUMMARY

1. Phas reversat with the aid of sivalent cations has been studied in emulsions stabilized by alkali oleates.

3. it was established that the crItcai concentration of salts, which precedes phase reversal, Is a practically

constant value, wMch does not depend on the properties and the concentration of soa or on the nature of the elec-

trolyte added, with a caton common r.1th the soap.

S. n was proved that conversion of o/w h w/o emulsions place hydrocarbon

halns of ie stabilizer molecules exceeds the hydration of the polar groups. When hydration of polar groups pre-
dorn~nate i conversion of w/o to o/w emulsions takes place.
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